Patients report
A male patient (patient 1) was born at term with a birth weight of 2368 g (3-10th percentile) and an occipito-frontal circumference (OFC) of 29 cm (<3rd percentile). In early infancy, this patient showed failure-to-thrive and mild motor developmental delay with head control at 5 months. Febrile seizures were observed since 6 months. He started to stand with support at 12 month; however, nystagmus and intension tremor were noted since this time. Then, developmental deterioration was gradually manifested.
His maximum developmental level was that observed at 12 months. Brain magnetic resonance imaging (MRI) examined at 4 years showed T2-high intensity in the deep white matter (Fig. 1A, B) . Auditory brainstem response showed normal patterns.
Electroencephalogram (EEG) showed bi-frontal continuous spikes. Routine laboratory examination including thyroid function showed no abnormality. Chromosomal G-banding showed a normal male karyotype of 46,XY. Metabolic screening showed no abnormality.
At 5 years, he lost his ability to sit alone owing to remarkable nystagmus and intention tremor. He understood the concept of color and number. Although there was dysarthria, he could speak 2 word sentences. At 7 years, his height was 102 cm (<3rd percentile) and weight was 14.4 kg (<3rd percentile), indicating severe growth failure.
There were hyperreflexia and abnormal reflexes including clonus and Babinski, indicating spastic paraplegia. Intractable seizures were daily observed and dysphagia became apparent. He required supports for dairy life. After participated in this study, this patient died at his age of 8 years due to heart failure.
His elder brother (patient 2) is 12 years old. He also shows neurodevelopmental disorder since early infancy. Patient 2 was born at term with a birth weight of 2470 g (3-10th percentile), length of 47 cm (10-25th percentile), and OFC of 33 cm (25-50th percentile). He started to show febrile seizures since 6 months. He showed gross motor development delay with sitting since 8 months and walking since 20 months. In comparison with his moderate motor developmental delay, his language development was remarkably delayed. Since his age of 5 years, he showed focal seizures with focal spikes in the central region revealed by EEG.
At 12 years, his height and weight were 128.4 cm (<3rd percentile) and 26.2 kg (<3rd percentile), respectively, indicating growth failure. In comparison with patient 1, there was no abnormality in the motor function. This elder brother showed no abnormality in brain MRI. Although he can speak some words, his communication skill is extremely poor and he requires help for his whole dairy activities, indicating severe intellectual disability. Because he often shows hyperkinetic behavior, panic, and insomnia, he was diagnosed as having severe autistic features. 
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